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FOREWORD

This repourt was prepared by Battells's Columbus Laboratories,
Celu pws, Ohdio, under Contract F33615-71-C~1262. This contract was perfcrmed
uide  Frojwct No. 73381, "Materials Applications', Task No., 7381C6, "Engincering
and ¢ -g- Data". The work was administered under the direction of the Air
Force Mate-lals Laboratory, Air Force Systems Command, Wright-Patterson Air
Feoce za.e. Ohio, by Mr. Clayton Harmsworth (AFML/LAE), technical munager.

Tails final report covers work conducted from April, 1971, to July,
197 .. TInz repirt was submiited by the authors on August ¢, 1972.

-~

Thiz zechnical report has been reviewed and is approved.

@ Q@ Ltk
. Olevitch
Chief, Materials Eagineering Branch

Materials Support Division
Alr Yorce Materials Laboratory
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The seleclion ot materials to most eftectively satisfy uew cnvirons
mental requirements and increased design load requirements tor advanced Air Force
wespons systems is of vital importance. A major difficulty that design engineers
cocounter, particularly for newly developed materials, materials processing, and
product forms, 1is a lack of sufficient engincering data informatlon to effectively
evaluate the relative potential of these developments tor a particular application.

In recognition of this need, the Air Force has sponsored several programs
at dattelle’s Columbus laboratories to provide comparative engineering data for
newly developed materials, The materials ifrciuded in thesc evaluation programs
were carcfully sclected to insure that they were either available or could become
quickly available on vequest and that they would represent potentially attractive
alloy projections for weapons systen usage. The results of these programs have
been published in Tour techrical reports, AFML-TR-67-418, AFML-TR-68-211, AFML-TR-
70-252, and AFML-TR-71-249,

This technical report is a result of the coutinying effort to relieve
the above situaticun and te stimulate interest in the use of newly developed alloeys,
ar new processing techniques for older alloys, for advanced structures or propul-
sSion systems.

Tl materials evaluated under this program are as follows:

(l) 17-4-PU (HY00) ESR Har

(2) Udjmet /1) Forged Bar

(3) 7050-17E56 Hand Forging

(4) 2214-1351 (Alcoa 417 Process) Plate

me . .
1

soav
1=0AL-4V

Eah
(%]
AT

{DBHT ) Diffusion Bonded Component.

The temper or heat-treat conditions selected for evaluation are described
in each alloy section.

The program approach was, as on previous cootracts, to search the
published literature and to contact metal producers and aerospace compaunies for
any purtinent data. i very little pert? @nt information was available, a com-
plete material evaluation was conducted, Upon complecion of each material evalu-
ation, a "data shect" was issued to make the data immedjately available to potential
usurs ¢ ither than deler publication to the end of the contract term and the summary
technio Wb report.  These data sheels are reproduced in Appendix 111 of this report.

Detailed intormation concerning the propertics of interest, test tech-
wiques, and specimen  types are contained in Appendijces 1 oand 11 of this report,

Vo e dn et
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/-4 PH (1900) bar i 1ER)

Mutesial Description

This altoy is one o the tamily of precipitation hardening stainiess
stecls which ngve rtound wide usage in acrospace, industrial, and commercial
applications. The particular material uwsed in {his evaluation vas produced by
the Elcctroslay Remelting (EBR) process.  In this process an electrode (in this
case, air melted 17-4 PH) is melted in a resistance heited moleen bath of flux
contained in an open-bottomed water~cooled metal mold, The melted metal forus
4 pool bepeath the tlux bath and progressively solidifies fovrming an iungot
which is continuously extracted from ihe mold.

The metal is refined and desulfurjized by tlux action and the micro-
structure is inproved by controlled soliditication,

The material used in this evalvation was a 3.3-inch-diameter
Dar from Heat 02298, Chemistry was as follows:

Chemical

Composition Percent
Carbon 0.04
Mangancse 0.70
Silicon 0.41
Phosphorus 0.15
Sulfur 0.08
Chromium 15.9

Nickel 4,45
Copper 3.45
Coluvmbium 0.23
Iron Balance

frocessing and Heelt Treating

All specimens were machined from the longitudinal dircection, except for
both JTonpo tudinal and transverse Charpy impact specimens, as shown in Figure 1.
Thuy were then heat treated at 900 F for 1 hour to Condition H900.

Test Kesults

Teasion, Resulls ol longitudinal tests at joom temperature, 400 F,
700 11, and 900 F are given in Table 1, Stress-=strdin curves at temperature are
shown in Figure 2, Eftect ol temperdatuce curves are presented in Figure 4.
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Compression, Results ot longitudinal tosts af room temperature, 400§,
/0 1, and 900 F are piven au Table 11, Stress-steain and tangent -podulus curves
are proesented in Figure 3.0 Effceet of temperature curves Jre siown i Figure 9,

shedr,  Results of room Lemperature pin shetr tests are given in
1 able 1l l,,

Impact,  Charpy test cesults tor longitudinal and traunsverse specimens
4l roowm remperature are given in Table V.

Fracture Toughness. Slow-bend tests were conducted at voom tempera-
ture,  Results ave given in T:ble V. The K| values obt iined arve considerad
valid hl numbers by existing ASIM standards,

¢

Fatipue, Axial load fatigue tests results for unnotcehed and notched
lTongirudinal specimens are given in Tables VI and VII. S-N curves are presented
in Figures 0 and 7 for room temperature, 400 I'y, and 700 F,

Creep and Stress-Rupture,  Results of tests on lougitudinal specimens
ai 700 ¥, 900 F, and 1100 ¥ are given 1n Ftable VI1L. Log-stress versus log-
time curves ave shown in Yigure 8.

Stress Corrousion. Six specimens were tested as descrided in the
experimental procedures section of this report., Wo cracks or failures
occurred in the 1000 hour test dui ition.

Thermal Lxpansion. The coefficient of thermal expansion fer this
alloy is 6.5 x 107°% in/in/F for 68 F to 900 F.

Density.  The density of this material is 0,282 1b/in”.
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TARLE L. TENSTON TEST RoSULTS Tk 37 o, e 41 CESRY

Tensile
Mod.lus,

Reduction
in Area,

0.2 percent Flongation
Ol tset Yield in 2 ioches,

Ultimate

anceben Teusile

e

AT P P A

A

Nicber Strength, ksi Strength, ksi percent percent 107 psi
Room Temperature

1i-1 2014 189.6 16,2 30,0 28,5
11.-2 145.8 184.2 18. 45,6 29.2
11.-3 194.4 182.9 17.2 48,2 28.3

400 F
1L-4 180.,2 159.6 10,1 38,6 26,2
1h=5 176.4 160,2 11.6 38.0 26.3
-6 175.8 158.0 10,9 36.2 27.0

790 ¥
: 1L-7 16u.0 142,06 9.9 38,6 24.0
i 1..-8 162.8 147.6 10.2 31.2 24. 4
1.-9 158.3 144 8 9.7 34.9 23.6

: 900 F
11.-10 138.0 110.0 10.0 30.0 22,5
g 1L-11 1422 108,0 9.5 38.0 20.9
I ir-12 137.9 106.,5 9,5 35,2 23.1




TAGLE 11. COMPRESSION TUEST RESUITS FOR
17-4 PH (1900) BAR (ESR)

0.2 Percent

Offset Yield compression
Specimen Strengtu, Modulus,
Number ksi 10° psi

Room Temperature

2L-1 172.6 29.0

2L-2 170.0 30.1

21-3 176.7 31.0
400 I

2L-4 147.6 27.0

21.-5 150.0 27.4

2L-6 146.2 26.2
700 F

21.-7 138.6 25.1

21,-8 138.6 24,0

21.-9 141,2 264.9
900 ¥

21.-10 117.0 24,2

20-11 118.7 24,0

21.-12 117.0 23.4




LABLLE 110,

SHEAR TEST RESULYS FOR 17-4 pPH
(H900) BAR (ESR)

Specimen

Ultimate Shear

Number Strength, ksi
4L-1 117.0
4L-2 117.2
4L-3 117.9
4L-4 118,0

| "




TABLL 1V. IMPACT TEST RESULTS FOR
17-4 PH (H900) BAR (LSR)

bpecimen Lnergy,

Number ft/1lbs
Lgygitudinal
101.-1 20,8
10L-2 21,0
10L-3 28,0
10L-4 16.4
10L-5 23,9
Transveﬁig
107-1 Ty, 0
10T-2 15.2
101-3 21.9
107T-4 24,7
107-5 17.6
8
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TABLE V. FRACTURLE TOUGHNESS TEST RESULTS

FOR 17-4 PH (11900) BAR (ESR)

a, T, r, Span,

Specimen W, £ K
Number inches inches inches 1bs inches (W Q
1 1.503 . 568 . 757 7,500 4.5 1.8a 45.1
2 1.503 .553 . 157 8,600 4.5 1,81 50.4
3 1,503 . 570 .756 8,100 4.5 1.87 49,0
9
T, " ~— " L .




TABLE V1. ANIAL LOAD FATIGUE TEST

RESULES FOR

UNNOTCHED 17-4 PH (11900) BAR (LISR)

Max imum
Stiress, ksi

Spevinen
Numboy

Litetime,

cycles

Roon TcmpcraLuru

5-2 150.0
5-3 145.0
5-1 140.0
5-4 135.0
5-5 130.0
5-6 125.0
5-7 120.0
5-9 110.0
5-10 105.0
400 r
5-11 150.0
5-13 140.0
5-13 135.0
5-12 130.0
5-14 125.0
5-10 120,0
5-17 120.0
5-28 160.0
5-29 90.0
700 1
5-18 135.0
5-19 125,0
5-20 120.0
5-21 117.5
5-22 115.0
5-23 113.,5
5-24 110.0
5-25 100.0
5-26 90.0
5-27 80.0
5-30 70.0

23,300
27,100
69,900
33,900
117,300
109,500
7,458,300

338,700,

11,419,500"%)

(b)

100

19,700
33,400
146,100
37,700%¢
1,327,100
5,137,100
10,020,000

)

(a)

100

(bH)
163,000
188,400
900
193,000
88,000
2,191,000
2,300,600
4,821,200

10,019,670

(a) Did not fail.
(b) Failed on loading.

(c) Broke at thermocouple,

10
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TABLE VTT,  AXTAL LOAD FATTGUE TEST RESUITS FOR NOTCHED
(K, = 3.0) 17-4 PU (H900) BAR (1SR)

——— —

Specimen Maximum Lifetime,
Numbes Stress, ksi cyeles
Room ‘femperature
5.1 116.0 1,400
ha2 120.0 2,400
5-3 90.0 6,100
SR 70.0 7,800
5-b 60.0 18,500
55 50.0 41,700
5.7 40.0 60,300,ﬂ)
5 -8 30.0 14,853,100'°
400 b
5-9 70.0 4,600
-12 65.0 16,600
5-10 60.0 20,200
5-13 55.0 22,200
5-14 52.5 57,8C0 )
5-11 50.0 10,87, 6003
700 ¥
5-15 70.0 1,900
5-16 65.C 4,000
5-17 60.0 7,300
5-18 55.0 19, 60u
5=~19 50.0 1,100 )
5-20 45.0 11, $86,900" "

1) Did onot tail,

11




RE PROPERTIES FOR 17-4 PH (H900) BAR (ESR}
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Udimet 710 TForped Bav

Material bescription

Udimet 710 was recently developed by Special Metals Corporation to
fill the need for a jet eugine turbine blading alloy, comwbining the high
strength and stability characieristics of Udimer 700 wizh the corrosion and
sulfidation resistance ot 187 chromium alloys such as the older Udimet 500
and Waspaloy. The alloy is desigaed for use in either the wrought or cast
torie. Data generated at sSpecial Metals from laboratory heats show it to have
rupture strengths superior to Udimet 700, good oxidation and hot corrosion
resistance and excellent phase stability after extended exposure to stress
and temperature, Data are now being generated from production scale heats
for both cast and wrought rorms.

The wmeterial used tor this evaluation was Special Metal Corporation
leat No, 8-2814.  The alley was obtained as 1.875 inch diameter bar with the

tollowing composition:

Chemical

Comgodition Percent
Carbon 0.07
Marngarese .10
Silicon 0.10
Chromium 18,0
tobait 14,8
1 oun 0.14
Molybdenum 3.10
Tungsia.t 1.47
Titaniuw 4,88
Aluminum 2,51
Loron 0.018
Zircounium 0.04
Sul fur 0.003
Nickel Balance

Procussing and Heat ‘Treating

specimens were wmachined from the bar iun the longitudinal direction as
shown in Figure 9. Heat treating, as suggested by Special Metals, was
as tollows:

(1) 2150 F tor 4 hours, air cool,

2y 1975 ) tor 4 hours, air cool,

(3 1550 F ror 24 hours, air cool,

(%) 1400 I tor It hours, air cool.
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Tensicn.  Test results for longitudinal specimens at room temperature,
BoU F, 1200 F, and 1800 F are given in Table IX. Stress-strain curves at temper-
ature 2ce shown in Fipure 11. Effect of temperature cutves are shown in Figure 12,
compression, Test results for longitudinal specimens at room Lemperature,

800 £, 1200 F, and 1800 F are given in Table X. Stress-strain and tangent-modulus
curves dare shown in Figure 10. Effect of temperature cunves are shown in Flgure 13,

Shear, Test results are given in Table XI for longitudinal pin shear
specimens,

lmpact. Charpy test results for longitudinal specimens at room tempera-
ture are given in Table XII,

Fracture Toughness. Slow-bend fracture toughness tests were conducted
om temperature. Test results are given in Table XIII. Since the size ratio,
KQ/TYS) » was greater than both the specimen thickness and crack length in all
» the KQ Values are nol considered valid KIC numbers by existing ASTM criteria,

tr

at ro
2,5 (
tests

.
<

Fatigue. Axial load fatigue test results for unnotched and notched
longitudinal specimens at room temperature, 800 F, and 1200 F are given 1in Tables
XIV and XV. S~N curves are presented in Figures 14 and 15,

Creep and Stress Rupture, Test results at 1000 ¥, 1400 F, and 1800 F
are given 1. 7able XVI. Log-stress versus log-time curves are presented in
Figure 16.

Stress Corrusion. Tests were conducted as described in tile experimental
prucedures section of this report. No failures or cracks occurred in the 1000-hour
test duration.

Lherma¢ ansion, The coefficient of thermal expansion for this alloy
is 8.7 x 1070 1in. in.?b from 70 F to 1400 F.

Density., The density of this materfal is 0.292 ]b/in.3

20
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TAGLLE 1X. TENSLON TEST RESULLIS FOR UDINEY 710 FORGED BAR

Ultimate U,2 percent Llongation Reduction Teusile 7
Specimen Tensile Offset Yield in 2 inches, in Area, Modulus, ,
Numbe v Strength, ksi Strength, ksi percent poreent 107 psi

Room Tewperature

11.-1 177.0 138.0 7.2 7.0 30.9
11.-2 178.0 139.0 7.7 9,6 27.9
11.-3 178.0 137.0 6.7 9,5 28,9
800 ¥ :
1.4 167.8 123.2 7.6 9.6 24,3
11.-5 167.8 123.1 7.6 9,0 23,9 ;
-0 162.6 122.2 7.6 9.0 24 .4 !
EOO ¥ ]
1
11.-/ 183.0 119.5 16.0 13.6 214 '
11,8 177.6 123.1 13,0 16.1 20.3 j
1L-9 191.0 127.1 17,0 14.0 20.9 :
i
1800 F ;
1L-10 53,4 38.2 29,8 32.¢ 18.6
1L-11 56.5 35.9 30.0 37.0 20,0
1L-12 55,9 36,9 30.2 37.0 17.9

" i AP




%
i
TABLE X, COMPRESSION TEST RESULTS IFOR 3
UDIMET 710 FORGED BAR
0.2 Percent § Compréséisn
Specimen Offset Vield Modulus, i
Number strength, ksi 10" psi
21-1 150.0 30.9
2L-2 151.0 31,0 1
2L-3 148.0 30.0 '
300 I 3
1
2L-4 127.0 26.0 §
2L-5 127.0 25,0
2L-6 127.0 25.6
lr)QQ ]N
21.-7 11£.0 23.3
2L-8 119.0 22,1
2L-9 118.5 2.0
1800 F
2L-10 37.0 18.6 ;
2L-11 36.0 18,0 ;
21,-12 37.0 18.0 1
i
b
22




TABLE X1. SHEAR TEST RESULTS FOR UDIMET 710
FORGED BAR AT ROOM TEMPERATURL

Specimen Ultimate Shear
Number Strength, ksi

41.-1 123.1
41,-2 127.2
41,3 125.1
41l 129.7

23
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TARLE X11, IMPACT TEST RESULTS FOR
UDIMET 710 }ORGED BAR

Specimen Energy
Number ft 1bs
10L-1 29.5
10L-2 26.0
101.-3 26,0
101.-4 25,0
10L-5 27.0
10L.-6 33.0

24




TABL X1tl,  FRACTURE TOUCGHNESs TLST RESULTS TOR
UDIMET 710 FORCED BAR

P ——n. —

Specimen ' W, . a, . T, r, ?pun, f(i) R (a)
Number iuches inches incbes lbs inches W Q

1 1.500 .750 .750 9,250 4,5 2,56 80,5

z 1,502 L7065 .748 9,000 4,5 2,74 80,7

3 1.500 . 749 . 749 9,400 4,5 2,66 81.7

4 1.502 L 702 .749 8,400 4.5 2,72 74,8

(a) Candidate fracture toughness values, K,, are invalid as K,  values since a,
NS =~

~ N

o2 ("T’Y'E) :
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TABLE XIV. AXIAL LOA) FATIGUE TEST RESULTS FOR |
UNNOTCHED UDIMET 710 FORGED BAR |
Specinmen Maximumn Lifetima, g
Numbe r Stress, xsi cycles 1
Room Temperature :
5.4 135.0 60,130
5.1 125.0 86,250
3.5 120.0 147,53G
5.2 115,0 164,310
5.27 112.5 274,000 ,
5.5 110,Q 435,110 i
5.28 107.5 1,247,000 %
5.3 105.0 6,610,600 ,
5.7 100,0 12,282,720(8) 1
800_F 1
- -
5.17 110.0 17,000 2
5-16 100.9 107,900
5-13 95,0 125,200
5-19 90.0 82,300 1
5.20 85.0 173,200 ;
5-21 80.0 197,300 3
5.22 75.0 838,600 3
5.23 70.0 977,700 :
A 65.0 739,500 <
525 55.0 6,488,000 A
5-26 45,0 16,419,400(a) 3
1200 F
5.9 120.0 100
5.10 100.0 86,100
5-11 95.0 119,300
5-12 90.0 284,700
5413 85.0 122,200
5.14 80.0 1,626,200
5-29 77.5 10,489,9008)
5.15 75.0 10,474 ,490(8)

(a) Did not feil,

26
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; : TABLE XU, ANIAL LOAD FATIGUE TEST RESULIS FOR ROTCHED
: (K = 3,00 UDIMET 710 FORGED BAR
»
Specimen Max imuam Lifetime,
Number Stress, ksi cycles
Rovom ']'ompira ture
5-1 100.0 20,270
5-2 S0, 0 29,660
5-3 £0.0 51,170
54 7.0 67,310
5.5 60,0 114,890
5-8 55.0 132,430
5.6 50.0 366,160
5.7 40,0 793,110
5-10 35.0 1,791,800
: 5-9 30,0 2,693,800 5‘
5.1 25.0 11,458,100%? }
800 F
;
1
] 5-18 65.0 13,700 g
P 5-19 60.0 20,600
: 5-20 55.0 21,500 i
b . 5-21 50.0 73,800 :
' 5.2 45.0 134,800 |
L 5-23 40,0 6,707,000 !
5-24 35.0 680,100
: 5.25 30.0 16,013,600
526 27.5 5,577,200 ij
P ‘f
Eoo: 1200 ¥ s
j
E‘ i 5-17 65.0 5,200 ]
] g 5-12 60,0 7,600 i
! 5-15 55,0 9,800 }
P 5-13 50, 0 42,100 :
! 5-16 45.0 62,900 - g
i 527 42.5 10,321,900 f“) |
i 5-14 40.0 16,043,700 ,
b I ]
7 (a) Did oot fail, |
]
i ¥
]
& j
| £
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7050-T7E50 Hand Porping

Matevial Description

Alloy 7050 is an Al-Zn=-Mg=Cu alloy developed by the Alcoa Research
Laboratories supported by the Naval Air Systems Command and the Air Force
Materials Laboratory, When heat treated and aged to the ~173 temper, thick 7050
plate and hand forgings exhibit strengths equal to or exceeding those of 7079-TO6XX
products combined with improved fracture toughness and a high resistance to
extoliatjation and stress-corrosion cracking. The alloy differs from conventional
7XXX series aluminum alloys in that zirconium is added and chromium and mangancsc
are resiricted in order to minimize quench sensitivity,

The material used tor this evaluation was a S-inch by 10-inch by 5-foot
hand torgony produced within the following composition limits:

Chemical

Composition Percent
Copper 2.0 to 2.8
Iron 0.15 max
Silicon 0.12 max
Manganese 0.10 max
Magnes ium 1.9 to 2.6
Zinc 5.7 to 6.7
Chromium 0.04 wmax
Tictanium 0.06 max
Aluminum Balance

Procesaing and Heat Mreatiog

The specimens were tested in the as-reccived -T7156 temper.
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Test Resqlts

Tension, Results of tests in the longitudinal and transverse direc-
tions at room temperature, 250 F, 350 F, and 500 F are given in Table XVII.
Short transverse tests were not conducted at elevated Lemperatures.
Stress-straln curves at temperature are presented in Figures 18 and 19, Effect
of temperature curves are shown in Filgure 22,

Compresgsion. Results of tests In both the longitudinal and transverce
directions at room temperature, 250 F, 350 F, and 500 F are given in Table XVIII.
Stress—-strain and tangent-modulus curves at temperature are presented in Figures
20 and 21. Effect of temperature curves are shown in Fipgure 23,

Shear. Pin shear test results for longitudinal and transverse gpeci-
mens at room remperature are given in Table XIX.

Impact, Charpy test results for longitudinal and transverse specimens
at room tLemperature dare given in Table XX.

Fracture Toughness. Results of slow bend tests for longitudinal aund
transverse specimens are given in Table XXI. The transverse teats fall within
the size ratioc, 2.5 (K, /TYS8)“, and the Ky values are considered valid. The longi-
tudinal tests do not meéet this requirement and are wuot considered valid by existing
ASTM criteria.

Fatigue. Axial-]oad fatigue tests were conducted on transverse specimens
at room temperature, 250 F, and 350 F., Tabular test results are given in Tables
XXII and XXIII. S-N curves are shown in Figures 24 and 25.

Creep and Stress Rupture, Results of transverse tests at 250 F, 350 F,
3 CLAN T .. _2____ 2. wT_L1i1. wvuTir T oo — b e m mamaseoam M +de v merecn e mean mansnomam bk~
dlid JVY I' alc EJ.VCII 4dll AaUIT ANNLY . .LJUE_D LLCOD VCILODUD .LUE_L-IH(_. “ULVCD a1 C PLCDCALLCU

in Figure 26.

Stress Corrosion. Tests were conducted as described in the experimental
procedures section of this report. No failures or cracks occurred in the 1000-
hour test duration.

Thermal Expansion. The coefficient of thermal expansion for this alloy
is 12.8 x 107° in./in./F for 68 F to 212 F.

Density. The density value for X7050 is 0.102 lb/in.3
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TABLE NVIL.  TENSION TEST RESULTS FOR 7050-17L56¢ HAND FORGING

LEE R 3 S BRI I TR R AR ET KLE SIXL PRI EISES e AT BE L aii il AT IEEEIES e AT L DESET T I T

Ultimate 0.2 Percent f
Tensile Offset Yield Elongation Reduction Tensile
Specimen Strength, Strength, in 2 1lnches, in Area, Modulus,
No. ksi ksi percent percent 106 psi
Longitudinal at Room Temperature i
1L-1 74-4 65.7 15.0 38.8 10.2
1L-2 73.7 63.4 15.0 38,1 9.9 j
1L-3 73.2 62.7 16.0 40,6 9.7
Transverse at Room Temperature
1T-1 74,0 64.4 9.0 13.0 9.9 :
1r-2 09.9 60.7 4.5 5.4 9.9
1T-3 69.4 61.2 3.5 5.1 9.¢
Short Transverse at Room Temperature
18T-1 70.4 56.7 6.0 7.0 9.6
18T-2 71.8 58.3 5.5 6.0 9.9 }
18T-3 74.0 61.7 7.5 10,6 9.8 ;
]
Longitudinal at 250 F
1L-4 58.1 56.5 14.0 48.0 9.5 3
1L-5 56.4 54,5 21.0 52.1 9.7 i
1L-6 57.4 55.2 13.5 43.6 9.3 :
3
Trangverse at 250 F
1T-4 57.3 55.7 22.0 54,0 9.4 1
1T-5 53.0 57.1 13.0 31,4 9.6 ;
1T-6 56.0 52.8 12,5 21.2 9.3 ;
Longitudinal at 350 F
1L-7 47.4 46.7 15,0 62.7 8.3
1L-8 45.9 44.8 17.0 60.7 8.3
1L-9 48.0 47.4 14.0 62.2 8.4

37




TABRLLE XVIL, «(Continued)

e Al s L B

Ultimate 0.2 Percent

Tensile Offset Yield Elongation Reduction Tenslle |

Specimen  Strength, Strength, in 2?2 Inches, in Area, Modulus, p

No. ksi ksi percent percent 106 psi i

— | T 43

Transverse at 350 F i

1T-7 44,2 42.8 18.5 58.0 8.9 ;

1T-8 45.9 44.3 15.0 44,12 8.1 ;
1T-9 46.4 44.3 14.5 37.8 8.2

i

i

Longitudinal at 500 F 3

1L-10 18.7 18,4 23.0 72.4 8.8
1L-11 19.9 19.7 24,5 85.5 7.8

1L-12 17,2 17.0 38.5 89.5 8.3

Transverse at 300 F

17-10 19.7 18.7 23.5 80.2 7.8 3
1T-11 19.3 19.0 27.0 84.6 8.3
1T-12 19.2 18.5 25.0 77.06 7.6

SO P Sy F
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TABLE XVIFL,  COMPBESS1ON TEST RUESULLS Fok 7050-T7ES50 UAND FORGLING

0.2 Percent Compressive
Specimen Offset Yield Strength, Modulus,
No. ksi 10° psi

Longitudinal at Room Temperature

21-1 65.4 10.5
N 71.4 12.9
2L-3 64.8 106.7
Transverse at Room Temperature

21T-1 65.3 12.2
2T-2 66.3 11.0
2T-3 65.3 11.0

Longitudinal at 250 F
2L-4 00.7 9.9
2L-5 62,3 10,1
21.-6 60.9 9.8

Transverse at 250 F
2T-4 57.6 9.3
2T-5 39.3 9.9
2T-6 59.8 9.8

Longitudinal at 350 F
2L-7 51.2 9.3 ;
2L-8 50.9 9.1
2L~9 50.1 9.2

Transverse at 350 F y
2T-7 49.4 9.0 3
2T-8 49.6 9.4 .

8.9 S

21-9 49.6
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LABLE ZVI11, (Continued)

u.2 Percent Compressive
Specimen Offset Yteld Strength, Mogulus,
No. ksl 10% psi
Longitudinal at 500 F
2L-10 Q.7 7.6
21.~11 21.5 6.7
2L-12 21.5 7.5
Transverse at 500 F
2T-10 20.8 6.6
27T-11 21.5 6.6
27-12 22,2 7.9
40
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TABLE XIX. SIHEAR TEST RESULTS FOR 7050-17LES56
" HAND FORGING AT ROOM TEMPERATURE
“ Speciwen Ultimate Shear
Nuniber Strenyth, kgi
Longitudinal
41,-1 4.3
41,-2 42.5
41..3 44,6
4L-4 43,6
fransversc
47-1 49,5
4T -2 40.0
4723 42.8
4T-4 43.1

41
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TABLE XX. IMPACT TEST RESULTS
FOR 7050-T7E56
HAND FORGING AT
ROOM TEMPERATURE

Specimen Energy,
No, ft-1b

Longitudinal

10L-1 15.0
10L-2 7.0
10L-3 3.5
10L-4 8.0
10L-5 10.0
10L-6 14.5

Transverse

10T-1

TNAMm_ N
AV LT

2
2
10T-3 2.
10T-4 2
10T-5 2
10T-6 2
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LARLE XXI, FRACTURE TOUGHNESS THEST RESULLS FOR 7050-1T7E56 HAND FORGING

gpe——

Spucimen W, a, T, P, Span, . a

. . L . . fi~)
Number inches inches inches 1bs inches W

Transverse

21 1.501 .837 .750 1,750 6 3,2 2. 0 2
3T 1,502 .863 751 2,060 6 3.4 29,8 {%7
0 1.502 .875 750 2,200 6 1.5 33,4 (@)
Iy 7.507 837 .751 1,940 b 3.2 27.2 (@)
b1, 1.501 .861 .751 3,800 G 3.4 56.6 P
8L 1,502 396 1750 4,000 o 3.7 64,8 (P
51, 1.500 859 750 3,510 6 3.4 59,2 ®)
7. 1,501 .898 .750 4,700 6 3.7 76.8 (°7

(a) candidate fracture toughness values, KQ’ are velid valid ch values,

(b)  Candidate traclure tauginess valus, Kq, arg invalid as Kr valuces since a, 7T,

Koy
7 /..-- \ .
2.5 (0]
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PADLE XX11. AXIAL LOAD FATIGUE TE3T RESULLS FOR UNNOTCHED ]

7050-T7E56 HAND FORGING  (TRaNSVERSE) !

]

= pp 3

Specimen Max imum Liferime ’

Numbor Stress, ksi cycles !

Room Temperature

4

5.2 55.0 36,800 i

5-23 52.5 200 i

5-1 50,0 39,530 ]

5.3 45.0 80,380 3

5-21 42,5 11,500 s

5.4 40.0 248,480 ‘

5.22 37.5 258,000 k

5-5 35.0 393,210 4

5-24 32.5 405,000y 3
5-6 30.0 12,465,500

4

250 ¥ 3

1

5-7 55.0 100 3

5-8 50.0 117 i

512 40.0 26,600 3

5-9 35.0 36,590 :

510 30,0 76,480 3

5.11 5.0 2,725,100 . ]

5.26 22.5 10,137,530(3; 3

5-13 20.0 11,369,800'% ’

3506 F ;

S-14 40,0 100 ]

5-20 40.0 10,100 ]

5-17 35.0 16,650 3
5-15 30.0 50,670

5-16 25.0 122,250 i

5-18 20.0 121,930 . ]

5-25 17.5 20,713,500(a; 4

5-19 15,0 10,167,600 -

{a) Did not tail. ;
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TABLE XXI11,

AX)AL LUAD FATLGUE TEST RESULLES FOR NOTCHED (Kc

3,0) 7050-17k%6 HAND FORGING (VRANSVERGE)

Specimen
Number

Maximem

Stress, ksi

—

<

(R

1

Ul U, Lt Lnounoan o
] 1
(oAl NI B R A R N N

]
_— e D0 N RS OO

i

o oon
I

+

L IR )
1

NIV ]
1
e o -

5..13
9=-14
5-15
5-16
5-17
5218
5-725
5-19

Room Timperature

35.
30.

2%
90

20.
17,
15,
12,
10,

30.
25.

R

-

20,
17.
15.
15,
13.

SN oM OoOWnNg OC

L/"O»JIO

—_
-~

WD S

jt

350

Lifetime s
cyeles

15,120
22,380
36,300
57,500

170,130
195,100
553,750
12,753,706
10,781,080

(a)
(a)

19,060
214,800
185,550
214,800
272,550
191,680
788,020

10,622, 140(®)

10,862
39,200
29,4060
72,910

267,530
160,430
1,161,700

12,207,520

(a) Did not

fail,
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} 1
BO [ e e e e
Longitudinal 3
70—
R1 3
60—
250F
50 | — :
350F 3
= 9
53; 40— 1
&) -
Z ;
30—
20b— 500 F |
{
10—
ol 1 | | | 1
0] 0002 0.004 00086 0008 0010 0.012
Strain, in./in. A-tal6
FIGURE 18, TYPICAL TENSILE STRESS-STRAIN CURVES FOR
7050-T7E56 1IAND FORGING (LONGITUDINAL)
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Stress, ksi

80

70

60

50

40

30

20

e —————— ———————e r—— —_—

Transverse

500 F

I | I | |

|

0 0002 0004 0006 0008 0010

Strain, in./in.

FIGURE 19. TYPICAL 'LENSILE STRESS-STRAIN CURVES FOR
7050~1'7E56 HAND FORGING (TRANSVERSE)
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80 (- - e

L.ongitudinal

Stress, ksi

500 F 500F
20—
Nt
o | | | | L
0 0002 0004 0.006 0008 0.010 0.012
Strain, in./in.
L I L 1 | | i
0 2 4 6 8 10 12
Tangent Modulus, 10° psi A-1413

F1GURE 20. TYPLCAL COMPRESSIVE STRESS-STRAIN AND TANGENY MODULUS
CURVES FOR 7050-T7E56 HAND FORGING (LONGLTUDINAL)
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80 - —

70} -

Stress, ksi

Transyerse *—~}
i

RT

.

250 F

% o.oloz 00104 o.o'os o.oJoe ' O.(iIO 0012
Strain, in./in.

- L ‘ S S J

0 2 g 6 8 5 -

Tangent Modulus, 10° pSi A-1414

FIGURE 21,

TYPICAL COMPRESSIVE STRESS-STRAIN AND TANGENT MODULUS
CURVES FOR 7050-T7£56 HAND FORGING ( FRANSVERSE®
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2214-T351 Plate (Alcoa 41} Process)

Material Description

Adlloy 2214 is a high-purity version uf 2014 with closer controls on
iron and silicon (Alcoa 417 process). The Alcoa 417 process, which utilizes
only Lot rolling and special controls during all stages of fabrication, is a
more economic means for achieving the required properties without adversely
influencing the overall engineering characteristics of the rmaterlial, The
material used in this evaluation vias obtained from Alcoa as a 2-1/4-1inch-thick
plate withia the following composition *imits:

Chemical

Composition

Percent

Silicoun 0.50 to 1.2
lron 0.3 max
Copper 3.9 to 5.0
Manganese 0.40 to 1.2
Magnesium 0.20 to 0.%0
Chromium 0.10 max
Zinc 0.25 max
Titanium 0.15

Others 0.15 max
Alumlnum Balance

Processing and Heat Treating

The specimen layout for 2214 is shown in Vigure 27.
tested in the as--received -T35] temper,

Specimens ware

Trst Results

Tension., HResults of Jonpgitudingl and transverse tests at room temper-—

ature, 430 F, 350 F, and 500 ¢ are given in Table XXV, Stress-strain curves at
renpueratUre are presented in Figures 28 and 29.
~uown ia Figure 32,

Effect of temperature curves are




e e S ——— - - Ll ....'

TIVId 1SEL-712¢ ¥O4 INOAVYT NINIILIS  "L¢ IWaDII

‘ - - - - - ——— at— - i ﬁll'."l'd
| ! _ _
| 1712 Wz B buevze 2 a7 NS RIS fucr 2t L7 ﬂ e ! i !
| r H
: [z 617 ;912 wm §12 2177 a2l SRR weear sz 1

B - } | Te5% mmnT:_mmn_ e “ s w EF
I
| LIPS -9 _ 094§ PUD (STOWY w b | w m “ ; ,
! i ' i !
_ ! i _ Lo N P - :
H t 1 1 [ ¢
i ) - | Py by ! :
> _ 1LY P ”w_ R m.mm_ ! ! : ! ' _ i 1 : '
,., _, : ct R , _ e :
, . i : ' ' ' < .
: ol ! : g
ps ¢ oF’ :
P
LLE,6€.8€ ©
B Iy - - ; - ———
. E g {195,865 S¥S| 86 625128 15 38 PR
ERE ' { * i , | ) )
3 . , ; : 1 ' . :
" e ; . [ [ I . .
lag e »€ 2. B o
f - Y

: Tlie | Lo ruzelz ..z, -

3 ; o ' o £ i

B : ' s =

' o i .k : . ; '

, | o o , | b o

! oo T ! : . tal
[ a2 ! I ' ' . f
. w 4 & lz.zonzlese _ ! | » ' '
H a ' i .
z _, - - “ ! $¢ !

" ) H 1

' ' & m E

: | 7 i mL i 9

! | i ]

{ n I

; | (o

; | ' '

.m * h { ¢ '
H i .73 .29 ; | | ,
£ . . | | ' ' !
M ! | i I : s
4 : T ' | : )
: H i 2, 2 ' | ; ‘
i : i3 L3 - b i . :
] : | _ * ' 1 ' }
i i P | : . ,
{ _ , ! _ i
Y _ H L ) - - - . T -
55| ws $U6)326: 6| 65 5| : R

3 | ) | . . i ; H M m
t . | . .
| ' : . .

_ ! “ H . .

A

.u. )
) b ,
! { “ } H )
! |

: L N —_ L " ﬁ_I\lL o —

BE o o esies . L B : e e el . -




Compression, Results of longiiudinal and transverse tests al yoom
temperature. 250 F, 350 F, and 500 F are given in Table XXVI. Stress-strain and
Cuipent modulus curves at temperature are prescinted in Figuves 30 and 31. Effect
' .

ot tomperature curves are shown in Figure 33,

Shear. Pin shear test results for longitudinal and (ransverse speci-
wens J4U room temperature are given in Table XXVIIL,

luwpaci. Charpy test results tor longitudinal and transverse specimens
Are given in Table XXVIL1.

Fracture Toughness., Slow bend tests were conducted on longitgdinal and
transverse specimens et roo . temperature., The wize ratio, 2.5 (Kq/TYS) , was
greater than both the specimen thickness and crack length in all tests; therefore,
the Ky values glven in the table are not considered valid KIc values by existing
ASTM criteria. These data are shown in Table XXIX.

Fatigue. Axial-load fatigue test results for transverse specimens, both
unnotcihed and notched, at room temperature, 250 ¥, and 350 F are gilven in Tables
XXX and XXXT. §&-N curves are presented in Figures 34 and 35.

Creep and Stress Rupture. Results of transverse specimen tests at
250 F, 350 F, and 500 F are given in Table XXXI1, Log-stress versus log-time curves
are presented in Figure 36.

Stress Corrosion. Tests were conducted as described in the experimental
procedures section of this report. No failures or cracks occurred in “he 1000-
hour test duration.

Therial Expansion. The coefficlent ol thermal expansion for this alloy
1s 13.5 x 10°° In./in./F for 68 F to 500 F,

Densi y.  The density of this material is 0.101 ]b/in.a.




TABLE XXV, TENSION TESYT RESULTS FOR 2214-1351 PLATE

Ultinmate 0.2 Percent
Tensi le Offser Yield Elongation Reduction Tensile
Specimen Strength, Strength, in 2 Inches, in Area, Modulus,
No. ksi ksi percent percent 106 psi

Longitudinal at Room Temperature

1L-1 65.2 46.9 24.0 34,7 10.4
1L-2 64,7 46.5 24.0 35.7 10.5
1L-3 64.9 46.9 23.5 32.1 10.5
Transverse at Room Temperature
1T-1 66.0 42.3 20.5 28.5 10.5
1T-2 65.9 43.5 20.5 27.7 16.7
1T-3 66.0 42.3 22.0 26.7 10. 4
Longitudinel at 250 F
1L-4 56.0 42,0 20.0 34.0 10.0
1L-5 56.0 41.7 24.0 48.0 9.8
1L-6 56.4 41.6 23.0 37.0 9.8
|
' Tranaverse at 250 F
1T-4 57.0 39.2 28.5 31.4 9.7
1T-5 56.4 38.2 21.0 34.5 9.6
; 1T-6 56.2 37.9 22.0 34.7 10.0
i Longitudinal at 350 F
g 1L-7 52.0 38.0 26,0 62.7 9.6
L 1L~-8 51.0 36.9 23.5 60 0 8.1
oL 1L-9 52.0 38.0 25.0 60.0 9.
i Transverse at 350 F
1
; 117 53.0 36.0 20.0 44.0 8.9
L 17-8 53.0 36.0 21.0 37.8 9.7
E 1T-9 53.5 35.6 22.0 44,0 8.7
4 e —_—
f
;
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TABLE XXV. (Continued)

Ultimate 0.2 Percent
Tensile Offset Yield Elongation Reduction  Tensile
Speclmen Strength, Strength, in 2 Incues, in Area, Modulus,
No. ksi ksl petcent percent 106 psi

Longltudinal at 500 F

1L-10 26.0 20.9 26.0 72.4 8.0

1L-11 26.0 20.0 22,0 70.0 8.0

1L-12 26.4 12.0 27.0 72,0 8.1
Transverse at 500 F

1T-10 27.0 19.0 20.4 65.0 7.6

1T-11 26.4 i8.7 20.0 68.0 8.2

1T-12 27.0 17.6 24.0 60.0 3.0

T

58

& el et




0.2 Percent Comprugsive
Specimen Offset Yield Strength, Modulus,
Nu. ksi 106 psi
Longitudinal at Room Temperature
2L-1 38.3 9.6
2L-2 37.4 11.3
2L-3 37.5 11.2
Transverse at Room Temperature
27-1 44,2 11.2
272 44.9 10.3
2T-3 44.8 10,0
Longitudinal at 250 F
2L-h 35.6 9.0
2L-5 35.4 10.0
2L-6 35.7 10.1
Transverse at 250 F
2T-4 40.0 10.1
2T-5 40.6 10.?
2T-6 39.2 9.8
Lungitudinal st 350 ¥
2L-7 32.0 8.9
2L-8 31.7 9.6
2L-9 32.0 8.6
[ransverse at 350 I
2T-7 36.0 8.7
21-8 35.0 g.0
2T~9 35.0 8.6

TABLE XXVL. COMPRESSIUN TEST RESULTS

FOR 2214-1351 PLATE
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TABLE XXVI. (Continued)

0.2 Percent Compressive
Specimen Offset Yield Strength, Modulus,
No. ksi 126 psi

Longitudinal at 500 F

2L-10 25.0 7.1

2L-11 24.2 7.1

2L-12 26.0 7.0
Transverse at 500 F

2T-10 25.6 7.1

27-1 26.0 7.1

2T-12 24.9 7.1
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TABLE XXV1L. SUEAR TEST RESULLS FOR
2214-T351 PLATE

Specimen Ultimate Shear
Number Strength, ksi

Longitudinal

41.-1 55,0
41,2 38.8
4L.-3 41.1
41.-4 41.2

Transverse




TABLE XXVIJI. IMPACT TEST RESULTS
FOR 2214-T351 PLATE

Specimen Energy,
No. ft-1b

Longitudina[

10L-1 5.0
10L-2 6.0
10L-3 5.5
10L-4 4.0
ngnsvggig
10T-1 2.0
10T-2 1.5
10T-3 1.5
10T-4 2.5
02
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TABLE XXIX. FRACTURE TOUGHNESS TEST RESULTS FOR 2214-T351 PLATE ﬁ

1
i
|
Specimen W, a, T, P, Span, N ()
Number inches inches inches 1bs inches W Q é
Transverse %
21 1.500 877 .750 3,200 6 3,57 49.7 2
1
3F 1.500 .50606 L7350 3,600 0 3.8 60.1 i
¥
ar 1.500 .8656 .750 3,400 6 3.4 51.4 f
L 1.501 . 845 . 750 2,950 6 3.29 42.3 ;
Longitudinal E

bl. 1,501 .380 .750 3,100 6 3.59 L8 .4
SL 1.501 .862 .751 3,100 6 3.4 46,2 é
3

7L 1.500 .819 .750 2,950 6 3.1 39.9
81. 1.500 .855 750 3,100 6 3.38 45. 4 j
i
(a) Candidate fracture toughness values, KQ’ are invalid as ch values since a, T, 3
- B X 3

2.5 )
3
4
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TABLE XXX. AXIAL LOAD FATIGUE TEST RESULTS FOR
UNNOTCHED 2214-T351 PLATE (TRANSVERSE)

Specimen Max imum Lifetime,
Number Stress, ksi cycles
Room Temperature
5.2 70.0 (a)
5-4 60.0 12,210
5-3 55.0 39,870
5-1 50,0 67,850
5-23 47.5 147,100
55 45.0 301,330
5.6 40,0 4,042,880(b)
5-7 3i5.0 13,127,900
250 ¥
5-9 50.0 14,800
5-8 45.0 52,700
5-10 40.0 95,800
5-11 35.0 230,400
5-12 30.0 221,400(b)
5-13 25.0 10,475,800
350 F
h-19 47.5 {a)
5-15 45.0 74,860
5-16 40,0 63,350
5-20 37.5 82,650
5-17 35.0 146,790(b)
5-18 30.0 11,717,600
(a) Failced on loading,
(b} Did not fail,.
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: TASLE XXXI. AXIAL-LOAD FATIGUE TEST RESU[T3 FOR NOTCHED
& (K, = 3.0) 2214-1351 PLATE (TRANSVERSE) .
:
Specimen Maximum Lifetime,
Numbor Stress, ksi eycles ‘
Room Temperature :
5-) 35.0 15,440 i
: 5-5 30,0 46,150
; 5-27 27.5 49,400
: 5-2 25.0 99,020 ;
{ 5-6 22.5 80,280 ]
; 5.3 20.0 264,900 3
i 5-7 17.5 243,760 .
! 5-28 17.5 1,472,300 2) ;
3 5-4 15.0 10.750,000? g
¥ s
; :
| 50 s |
; 5-17 35.0 33,000 :
5-18 30.¢ 35,850 ;
3 5-19 25.0 59,230 '
5-20 22.5 82,440 3
5-21 20.0 124,730 '
! 5-22 17.5 98,450
4 5-23 15,0 429,900
5-24 13.5 592,100
5-25 13,5 3,795,900
5-26 11,9 10,390,1102) :
L 94
3 350 F 1
i T ]
5-13 35.0 13,680 3
5-11 30.0 37,530 ;
5=8 0.0 162,990 1
5-9 25.0 109,840 3
5-12 22.5 100,530 ;
5-10 20,0 161,270 1
5-14 17.5 97,870 3
5-15 15.0 431,450
5.16 13.5 10,0638,300%%

ca)  Did not fail,
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CUKRVES FOR 2214-T351 PLATE (TRANSVERSE)

70

. TV LRI R 1 TSN
; ks AR a1 .l AT saner
i b ks i V.. 2 u




70— —r e
-4 __ :
6 0f | B :
_ | 3
250l | - ;
< 87\ TYS :
o P — ———
© A0p- — = e T
o ‘ 1
2 30O TUS (L) —
P A TUS (T
Q
ool O TYSL) :
O TYSM 1
10 1 !
- 30 @
b w
Wt ° |
© 20— B T T = ,
- O Elongation (L) - :
[on Ll 3
o /N Elongation (T) =
5 'Ol Modulus () ™~ T 2
¢ 1<OModulus (1] . E
o ; ' J i C
Ll o) | i ! loe =
0 100 200 300 400 500
Temperature, F
FIGURE 32, EFFECT OF ThLEMPERATL URI-'} ON THE TENS:LEE PROFERTIES OF 2214-1351 PLATL
%50 12 3
< %
5, 2
o OF = | = 11100 3
v 30O CYS (1) o o - - R Mt B ::5":"‘-—‘\ g uw
Z lacysm | =g - ]
o 20} IModulus (L) . . | , ‘ S P — .
L : © ]
a <OModulus (T} : o
£ bS '
S JOI 1 . , ,
0 1618) 200 300 400 500

Temperature, F A-144]

e T

FaoUey 3% FEFECT OF PEAPERATURPE O THE coilReSS YVE
PROPERTIES o 2214-135) Pirath

71




|

80— — — =1 . 4 —
| Unnotched
70 h: —t =1 T i ;r‘c:(;\?verse %
i eoL;;__ﬁ -~ i I §
A :
v 50 A ] —~ A4l S0, B

- ‘4\1\ 1117 /,450 F
2 Al G T 7 j2t0F '—.
£ 1 i
= 40 — i B o N ,
g \2/( | i
1= Goe | H— ==l
O 350F | r T -f
20 Ll — | :

10° 10* 10° 10° o

Lifetime, cycies

FIGURE 34, AX1AL-LOAD FATIGUE RESULTS FOR UNNOTCHED 2214-T351 PLATE

60
Notched
50 S 4] F:torgfverse
g \‘\\ K4=3.0
40 ~ g 14
£ \\ \NTT") AN
= e g
B 30 HED b O
g S~ R1
E ™Y 350 F
g Or— i g ! 250 FT]
= | E... 1
ob _ORT ~ | 4| HEl t
T A 250 ¢
O 350 F
0 i | ] . i
10® 10* 10° 10 1o’
Lifetime, cycles A-1398

FICURE 35. AXLAL LOAL FATIGUE RLSULTS FOR NOTCHEDL
(xI = 3,0) 2214-1351 PLATE

72




ToTma T WO T e

o »m{ﬁ
k|
1

(7S¥IASNYEI) TIVLS 1S€I-¥122 W0 SHAEAD NOILWWEOIZE DILSVIT CXV IWILAMI-$STUIS "9 T41914

sinoy * 3un )

¢6] Ol I o
| P
§ } (
] i _ 1
]l-u.[ rIAVlI-: 1 e
b ey -
e SR s = v Mg ot
| s P Cﬂ 3 00§ —|
4 | I O_
S [ T I ° @
— —— —or &
T3 p vn./]r‘ =
O~ 73
o—— -—
P 4068 |
' 1 L LO&.
0Z
ha
lllfl a
]'
_ 3 OmN O&
daaid 9,20 O
43340 %G 7
¢aad %01 0O
X

adnydny

73




Ti-0Al=-4V Diffusion Bonded Compounent (DBHT)

Material Description

The matcerial for this evaluation was supplied by the Air Force Materials
Laboratory and consisted of pieces sectioned from a helicopter rotor hub., The

roter hub had been formed by diffusion bonding ¢f 1/2-inch-thick Ti-6A1-4V plate.
The evaluation material consisted of scctions c¢f the hub and lug ends.

Processing and Heat Treating

No specimen lay out is shown since the sections were quite complicated
and it was necessary to cut specimens from wherever the section thickness allowed.
Where possible, the bond line of the plates was perpendicular to the specimen

axis. No heat treating was done since material was received in diffusion bonded
heat treated (DBHT) conditicn.

Test Results

Tension. Test results for transverse specimens at room temperature,
400 F, 700 F, and 900 F are given in Table XXXIII.

Stress-strain curves are
showu in ¥igure 37,

Effect of temperature curves are presented in Figure 38.

Cumpression. Test results for transverse specimens are given in
Table XXX1V for room temperature, 400 F, 700 F, and 900 F, Stress-strain and

tangent moduius curves are presented in Figure 38. Effect-of~temperatl re curves
are shown in Figure 40.

Shear. Pin shear test results for longitudinal and transverse speci-
mens at room temperature are gzivea in Tabue HAXV.

Tinpact. Impact test results are given in Table XXXV1 for longitudinal
and transverse specimens,

Fracrure Toughness.

The material was not of sufficient size or yuantity
for thuse tests,

Fatigue. Axial-load test vesults for transverse Specimens at room
temperature, 400 F, and 700 F are given in Tables XXXVI1 and XXXVilI. S-N
curves dre presented in Figures 41 and 42.
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Creep and Stress Rupture., Test results tor longitudinal specimens
are presented in Table XXXIX. Log-stress versus log-time curves are presented
in Figure 43 for 500 F, 700 F, and 900 7.

Stress Corrosion, Tests were conducted as described in the experi-
mental procedures section of this report. No fa‘lures or cracks occurred in
the 1000-hour test duratioa.

Thermal Expansion. The cceefficivnt of expansion for Ti-6A1-4V is
5.7 x 107%1n./in./F for 68 F to 900 F.

Density. The density of this alloy is 0.160 lb/iu.3.
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TABLE XXX111,

TENSLLE TEST RESULTS FOR 1i-6A1~4V
DIFFUSiON BONDED COMPONENT (DBHT)
(TRANSYERSE)

Ultimate 0.2 Percent
Tensiie Offsetr Yield Elongation Tensile
Specimen  Strength, Strength, in 2 Inches, Modulus,
No, ksi ksi percent 106 psi.
Room Temperature
1T-1 153.0 143.0 11.5 15.8
17-2 151.0 142.0 10.0 16.0
17-3 150.0 145.0 12.0C 16.0
400 ¥
1T-4 125.0 107.0 12.0 14.5
11r-5 124.0 112.G6 11.5 14,8
1T-6 121.u 108.0 12.0 14.1
700 F
1T-7 106.0 80,2 8.5 13.0
1T-8 107.0 87.4 9.5 12,6
iT-9 108.0 88.5 §.5 2.0
900 ¥
1T-10 95.0 81.3 14.0 11.¢
1T-11 93.2 79.9 18.5 11.1
it-iz2 95.1 81.5 18.5 10.9
76
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TABLE XXXIV. COMPRESSION TEST RLSULTS FOK
Ti-6A1-4V DIFFUSION BONDED
COMPONENT (DBHT) (TRANSVERSE)

0.2 Percent Compressive
Specimen Offret Yield Strength, Modulus,
No. ksi 100 psi
Room Temperature
2T-1 144.0 17.7
2T=~2 147.0 18.1
213 148.0 17.9
400 ¥
2T-4 111.0 16.7
2T-5 111.0 16.6
2T-6 112.0 16.5
700 F
2T~7 99.1 14.7
2T=-8 95.6 16.0
2T-9 96.5 15.7
900 ¥
2T-10 96.4 14.7
2T-11 87.0 14.3
21-12 85.0 14.06
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TABLE XXXV. SHEAR TEST RESULTS FOR
1i-6A1-4V DIFFUSION
BONDED COMPONENT (DBIIY)

Ultimate
Specimen Shear Strength,

No, ksi
41.-1 91.0
41-2 92.7
4L-3 93.7

Traungverse

4T-1 95.2
41-2 91,2
4T-3 92.0
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TABLE XXXVI.

ETI TR RER LA .

Specimen

No.,

IMPACT TEST RESULTS
FOR Ti-6Al-4V DBC
(DBIIL)

Energy,
fu~1b

1
10L~-1
10L-2
10L-3
1.014_4

witudingl

[
o~ L
OC OO

Transverse
10T-1 15.0
107T-2 16.0
101-3 10.0
10T-4 12,0

79

[P WP SU TR



TABLE XXXVII. AXIAL LOAD FATIGUE RESULTS
FOR UNNOTCHED Ti-6A1-4V DBC
(DBHT) (TRANSVERST)

e Es SR ST T mosr | e mEITRaSITS L3 F oS S4d 0 83T T Easm T mmees

Specimen Maximum Stress, Lifetime,
No. ksi cycles

Rcom Temperature

5-1 120.0 2,800
5-2 1i0.0 282,100
5-3 100.0 87,000
5.4 90.0 94,660
5-5 80.0 492,500
5-6 70.0 1,478,000
5-7 60.0 9,038,000
400 F
5-5 120.0 40
5-8 115.0 400
5-10 110.0 11,800
5-11 100.0 35,300
5-12 90.0 86,700
5~13 80.0 1,059,100
5-14 70.0 1,559,000
5-15 60.0 6,002,900\
5-16 50.0 10,000,000
700 F
5-17 100.0 100
5-18 50.0 14,500
5-19 80.0 359,200
5-20 70.0 347,000
5-21 60.0 1,180,300,
£-22 50.0 10,864,000

{a) Did not fail,
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TABLE XXXVII1. AXIAL LOAD FATTGUE RESULTS FOR
NOTCHED (Kt = 3.0) Ti-6Al-4V DBC
(DBHT) (TRANSVERSE)

Fow oo s imaotiios sm . PiTi R meETIT i comeae - iz= e ermmm m e S

Specimen Maximum Stress, Lifetime,
No. ksi cycles

Room Temperature

5-23 100.0 2,900
5-24 90.0 8,500
§5-25 80.0 15,000
5-26 70.0 22,500
5-27 €u. ¢ 75,100
5-28 50.0 132,000(a)
5-29 40,C 10,420,560
400 F
5-30 100.0 2,400
5-31 80.0 3,800
5-32 80.0 8,700
5-33 70.0 11,800
5-34 60.0 18,500
»—-35 50.0 55,900
5-36 40,0 250'600(a)
5-37 30.0 12,609,000
700 F
5-38 100.0 2,100
5-39 90.0 3,500
>-40 80.0 6,400
5-41 76.0 8,900
3-42 60.0 12,500
5-43 50.0 76,200
LR 40.0 860’700(3)
5-45 30.0 10,277,000

TR, el theTZoToanE = R e e TR )

é (a) Did not fail.
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FIGURE 37. 1YI'ICAL TENSTLI: STRESS-STRATN CURVES FOR
Ti-6A1-4V DBC (DBHT) (TRANSVERSL)
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DISCUSSTON OF PRUGRAM RESULLS

The tendency iu an evaluation program ol thi= type is ta compare the
materials property information obtained with simjlar data on materials alvcady in
use,  Whether such a comparison should be the deciding factor for ioterest in a
newer alloy is open to question, Many cviteria. such as forming characteristics,
weldability, oxidation resisraonce, ete., can be of particular importance so that
strength properties may become secondary. However, since first comparisons arc
usually made on the basis of mechanicusl strength (tensile ultimate and tensile
vicld) the data generated on this program arve compared to information for similar
alloys. Figures 44 and 45 are cffect of tewmperature curves concerned with these
pruperties,

CONCLUSIONS

The objective of this program was the generation of useful engincering
data :ar newly developed materials. During the contract term tue fcllowing mate-
rials were evaluated:

(1) 17-4 'H (H900) ESR Bar

(2) Udimet 710 Forged Bar

(3) X7050-T7E56 Hand Forging

(4) 2214-T351 (Alcoa 417 Frocess) Plate

1) Ti-6Al-4V (DBHT) Diffusion Bonded Cowmponent.

4 data shect was issued for each material., As a summary, each of the
data ¢ .ects Ls reproduced in Appendix 111,
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APPENDIX I

EXPERIMENTAL PROCENMURE
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APPENDIX 7

EXPERIMENTAL PROCEDURE

Mechanical Propertics

The various mechanical propertics of interest for each of the mate-
rials are as follows:

(1) Tension
(a) Tensile ultimate strength, TUS
(b) Tensile yield strength, TYS
(c) Elongation, e,
(d) Reduction in area, RA
(e) Modulus of elasticity, Ec'

(2) Compression
(a) Compressive yield strength, CYS
(b) Modulus of elasticity, Ec.

(3) Creep and stress-rupture

(a) Stress for 0.2 or 0.5 percent deformation in 100
hours and 1000 hours

(b) Stress for rupture in 100 hours snd 1000 hours.
(4) Shear

(a) Shcar ultimate strength, SUS
(5) Axial fatigue¥

(a) Unnotched, R = 0.1, lifetime: 10® through 10’
cycles

% VYR" represcents the algebraic ratio of the minimum stress to the maximum ctress
in enc cycle; that is, R = S . /Spay. "K' represcats the Neuber-Peterson
theorcetical stress conccntration factor.
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(b) Notched (K, = 3.0), R = 0.1, lifetime: 10® through
107 cycles.
(6) Fracture toughness, KIc or Kc
(7) Stress corrosion

(a) 80 percent TYS for 1000 hours maximum, 3-1/2 percent
NaCl solution.

(8) Thermal expansion.
(9) Bend
(a) Minimum radius.
(10) Impact
(a) Charpy V-notch,

(11) Density.

Specimen Identification

A simple system of numbers and letters was used for specimen identifi-
cation. Coding consisted of a number indicating the type of test and also indi-
cating a comparable area on the sheet, plate, or forging. For certain test
types, the number was followed by a letter signifying specimen orientation (L
for longitudinal, T for transverse, ST for short transverse), The test types
where the letter did not appear were creep, fatigue, and bend since, in these
cases, only one specimen orientation was used. The next number in the coding
specifies the location from which the specimen blank was taken from the original
material configuration., Coding was as follows:

Assigned
Number Test Type

1 Tension
2 Compression
3 Creep and stress-rupture
4 Shear
5 Fatigue
6 Fracturc toughnoss
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Assigned

Nunboer Test Tvne
7 Stress corrosion
8 Thermal expansion
9 Bend
10 Impact
11 Density

As an c¢xample, a spocimen numbered 2-T5 is a compression specimen, transverse
oricntation, cut from Location 5. Also, a specimen numbered 5-12 is a fatigue
specimen cut from Location 12,

Test Description

Tension

Procedures used for tension testing are those recommended in ASTM
methods E8-68 and E21-66T as well as in Federal Test Method standard No. 15la
(method 211.1). Six specimens (three longitudinal and three transverse) were
tested at each temperature to determine ultimate tensile strength, 0.2 percent
offsct yield strength, elongation, and reduction in area. The modulus of
elasticity was obtained from load-strain curves plotted by an autographic
recordver during each test.

All tensile tests were carried out in Baldwin Universal testing
machines, These machines are calibrated at frequent intervals in accordance
with ASTM method E4-64 to assure loading accuracy wi*hin 0.2 percent. The
machines are equipped with integral automatic strain pacers and autographic
strain recorders,

Specimens tested at elevated temperatures were heated in standard
wirc-wound resistancce-type furnaces. Each furnace was equipped with a Foxboro
controller capable of maintaining the test temperature to within 5 F of the con.
trol temperature over a 2-inch gage length, Chromel-Alumel thermocouples
attached to the specimen gage section were uscd to monitor tempcratures, Each
spccimen was soaked at temperature at least 20 minutes before being testad.

An averaging-type lincar differential transformer extensometer was
uscd Lo measure strain, For elevated temperaturc testing, the extensometer
was cquipped with extensions to bring the transformer unit out of the furnace.
The extensometer conformed to ASTil E3-64T Classification Bl having a sensitivity
of 0.0001 inch/inch. The strain rate in the c¢lastic region was maintained at
0.C05 inch/in:zh/minute. After yielding occurred, the head speed was increascd
to 0.1 inch/inch/minute until fracture.
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Procedurcs for conducting comprecssfon tests are outlined in ASTH
Methed EY-67 along with tcmperature control provisions of E21.66T. All slcet
and Lhin plate tests were carried out in Baldwin Universal testing macliines
using a North Awrican type compression fixture as shown in Reference 2,
Specimen heating was accomplished by a forced-air furnace for temperatures up
to 1000 F. Specimen temperature was maintainced by means of a Wheelco pyromcter.
Three Chromel«Alumel thermocouples attached to the fixture were used to monitor
temperatures to within 3 F of the test temperaturc., For higher temperatures,
wire.wound furnaces were used with controls as described in the tensile test
section,

The extensometer used for the compression tests was quite similar to
that used in the tensile testing., The extension arms were fastened to the speci-
men at small rotches spanning a 2-inch gage length., The output from the micro-
former was fea into a load-strain recorder to provide autographic load.strain
curves, During testing the strain rate was adjusted to 0.005 incl/inch/minute.

For bar and forging material, cylindrical specimens similar to those
described in ASTM E9-67 were used with appropriate temperature control and strain
measurement as described abcove.

Six specimens (thr~e longitudinal and three transverse) were tested at
each temperature,

Shear

Single-shear shect-type specimens were used for sheet and thin-plate
material; for bar and forgings, a double-shear pin-type was used, Shear testing
was performed at room temperature only., A minimum of six specimens (three longi-
tudinal and three transverse) were used to determine ultimate shear strength.

Bend

The procedures for conducting bend tests are described in Report MAB-
192-M. The specimens werc placed in a rigid three-point loading fixture and
bending tups of various sizes were uscd to determine the minimum bend radius
at room temperature,

Creep anl Stress Rupture

Standard dcad-weight type creep testing frames were used for the creep
and stress-rupture tests. Thesc machines are calibrated to operate well within
the accuracy requivements of ASTM method E139-60T.
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Specimens similar to those used for tension tests were used for the
creep and strosserupturce studics, A platinum strip "slide rule' oxtensometer
is attached for measuring crecp strain and three Chromel.Alumel thermocouples
arc attached to the pape section for temperiature measurements, Extcensometer
measurements were made visually through windows in the furnace by means of a
filar micrometer microscope in which the smallest division equals 0.00005
inch.

The furnace was of conventional Chromel A wire.wound design with taps
along the side to allow for correcting small tcmperature differvences. Furnace
temperature was maintained to within + 2 F by Foxboro controllers in response to
signals from the centrally located thermocouple, The tcmperature of a specimen
under test was stabilized for at least 1/2 hour prior to loading.

For each temperature condition creep and stress-rupture data were ob-
taincd to 100 and 1000 hours using as many specimens as necessary to obtain
precise infomation, The percent creep deformation obtained was dependent on
the material under test, 1In most instances stress-time curves were defined for
0.2 and 0.5 percent elongation,

Stress Corrosion

Scven specimens of each alloy were tested for susceptibility to stress-
correslon cracking by alternate immersion in 3-1/2 percent sodium chloride solu-
tion at room temperature,

Specimens were prepared for testing by degreasing with acetone, Where
a surface tilm remained from heat treating, it was abraded off one side and the
adjacent long cedge of five of the specimens, and left intact on the other two.

Each specimen was placed in a four-polint loading fixture and deflectcd
to a stress corresponding to 80 perccnt of the tensile yield strength of the
particular matcrial. The specimen was electrically insulated from the fixture
by means of glass or sapphire rods., Deflection for a given maximum fiber stress
was calculated by the following expression:

o 9(322-4a%
A 7

whe ro

deflection

-
[ ]

0 = maximum fiber stress

E Y
[ ]

distance bctween outer !oad points

distance between outer and inner load points

[
L}

d = gpecimen thickness

E = modulus of specimen material,
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Each strossed speefmen was suspended on an alternate immersion unit,
This unit alternately immersed specimens fn the 3,5 percent sodium chloride
solution for ten minutes and held them above the solutinn to dry for 50 minutes.
Tests were continued to the first sign of cracking or for 1000 hours, whichever
occurrcd firse,

Specimens were given frequent low-pewer microscopic cxaminations to
detvct cracks., At the first sign of cracking the specimen was removed, At the
conclusion of the tust, selected samples were sectioncd and examined metal-
lographically for any indication of cracking, Representative samples in which
cracks were found were also given a metallographic examination to establish the
type and extent of the cracks.

Thermal Expansion

Lincar-thormal-expansion measurements were performed in a recordirg
ditatomcter with specimens protected by a vacuum of about 2 x 10°® mm of mercury.
In this apparatus a shect-type specimen is supported betwecn two graphite struce
turcs inside a tantalum-tube heater element., On hcating, the differential move-
ment of the two structures caused by gpecimen cxpansion results in the displace-
ment of the core of a linear-variable differential transformer. The output of
the transformer is rccorded continuously as a function of specimen temperature.
The entire asscmbly is enclosed in a vacuum chamber.

The furnace is controlled to heat at the desired rate, usually 5 F per
minute, Errors associated with measurements in this apparatus are estimated not
to excced + 2 percent. This is based on calibration with materials of known
thermal -expansion characteristics.

Fatigue

Fatigue tests were conducted using MIS electrohydraulic-servocontrolled
testing machines. The frequency of cycling of these machines is variable to
beyond 2,000 cpm depending on specimen rigidity, These machines operate with
closed-loop deflection, strain or load control. Under load control used in
this program, cyclic loads were automatically maintained (regardless of the
required amount of ram travel) by means of load-cell feedback signals. The
calibration and alignment of each machine are checked periodically., In cach
casc, the dynamic load-control accuracy is better than + 3 percent of the test
1ead,

For elevated temperature studies, an induction heating coil controlled
by a Lepel Induction lleater was used. A thermocouple placed on the center of
th: spccimen controlled temperature to + 5 degrees.

After machining and heat treating (when required), the cdges of all
sin ot and plate specinwns were polished according to Battelle-Columbus' standard
practice prior to testing. The unnntched specimens were held against a rotating
drum covered with emory paper and polished using a kerosene lubricant. Succes-
siv-l linr grits of cuery paper were used, as requircd, to produce a surface
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of about 10 RMS. Unnotched round specimens were polished in the Battelle-Columbus
polishing appuratus., This machine utilizes a rotating belt sander driven
rectilincarly along the specimen test section while the specimen {s being rotated.
The belt speed and specimen speed are adjusted so that polishing marks on the
speciwon are in the longitudinal dircetion., The surface finish f{s about the same
as that on the flat specimens, The notched flat gpecimens were held in a fixture
and polished with a slurry of oil and alundum grit applied liberally to a rotat.
ing wire, Notched round specimens arc polished {n the same manner, except that
the specimen is rotated.

A shadowgraph optical comparator was used for measuring the test scctions
of all poiilshed specimens and for inspection of the root radius in the case of
the notched specimens,

The stress ratio for all specimens was R = 0,1, Stresses for notched
(K, = 3.0) and unnotched specimens were selected so that S-N curves were definced

between 10° and 107 cycles using approximately 10 specimens for ecach set of fatigue
conditions.

Fracture Toughness

Two types of fracture toughness tests were used, For heavy section
materials, the chevron-notched, slow bend test specimen of ASTM Method E-399-72
was selucted, For thinner section sheet materials, center through.cracked ten-
sion pancls were used as test specimens. All specimens were precracked in fa-
tigue and subsequently fractured in a servocontrolled electrohydraulic testing
system of appropriate load capacity.

The slow.bend type specimens were precracked and tested under 3-point
loading. The pop-in load for materials susceptible to brittle fracture was deter-
mincd from the load-compliance curve, When pop-in was not detectable, the curves
were analyzed using the 5 percent secant offset method of the ASTM procedure.

The thin sheet center through-crack tension panels were initially saw-
cut and then precracked in constant amplitude fatigue loading. In order to main-
tain a flat fatigue crack and not plastically strain the uncracked section, the
maximm stresses were adjusted to keep the applied stress-intensity factor less
than onc-third or one-quarter of that anticipated at fracture. This usually in-
volved stepping down the stresses as the cracking proceeded, The crack was
extended to approximately one-quarter of the panel width, Buckling guides were
attached and a clip-type compliance gage was mounted in the central notch. The
pancls were fractured {n a rising load test at a stress rate in the range

.002 E < S < .005 E ksi/min ,

which cnrresponds nominally to the gross strain rate of standard tensile testing.
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